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OBSERVATION OF RAYLEIGH-TAYL OR-LIKE STRUCTURES
IN A LASER-ACCELERATED FOIL

The Rayelsh-Taylor (RT) hydrodynamic instability can arise when a fluid of lower density
a crtes a fluid lo of a higher density. The RT instablity causes ripples at the interface between
the fluids to grow in amplitude until the fluids interpenetrate each other as bubbles (of the lower4en-
shy fluid) and spikes (of the higher donsity fluid), which can eventually shred the interface. The spikes
gow as dense protusions into the lighter material, locally increasing the mass thickness normal to the
oi-inal intmface. In the nonur regime, the spike-tips can develop a mushroom shape similar to a
KelvtWHdmboW rollup.' In addition, the confluence of mass into the spike can result in protrusions
an the few of the denser ler.4 Using x radiography, we have obtained the first images of a laser-
acceeated foil showing structures which resemble thse Rayleigh-Taylor signatures. Such phenomena
ae of cocmn to inertial conafinomeat fuson,3'' since implosion symmetry and fuel integrity may be
spoiled by the iT instability.

Previous experimets with loas ccelerated targets without intentional target nonuniformities
yielded no observable RT growt. 6 The first use of rippled and bar targets showed growth of initial per-
tUrtnik, although the mechadnm remained in question! Measured growth ramt of mass modula-
dom developin in corrupled fol, examined by streaked x radography viewing normal to the foil,
were in aremnmt with iT numeica simulshioma.' A face-os flash x-radiographic technique' using bar

g has rmdy show e-Idenee for OT growth.

In this work, plnoar fails were also structured peridically in mas thickam, in order to initiate
the hydrody.nmi Imntabilitie with a pr1etm! md wavelength. The spatial wavelength k and thick-
ness of the mass modulaton were vied. The torets were made of plastic (1.0 g/cmi), having rec-
tanulr bars of leng , of width k/2 and sparated by k/2, placed on the rear (nonirradated) side of
a base faiL See ftg. 1. The fob were intMed at 5 x 1012 Wlcm2 (computed from the temporal
FWHM ad the 90% neiy contour of an equivalent focus) in the quasi-near field of a single driver
beam of the Pbom H l4d: gOee laser operating at 1.05 sim wavelength in a 4as pulse. The focal diem.
eer was 650 jm. The bar legth L for backlihtng was 400 ism, i.e., less than the focal diameter.
The he's seond beam was shrmod to -300 pe and directed onto an ajacOnt Al target at 45"
incidence to produc a ash backlighting seuce of 1.6 keY x rays'O delayed -6 ns after the peak of the
dive pulo. A pinhol array Imaed the x-ray source and also viewed parallel to the bars on the foil to
produM radopaphe at a masnification of 3.0; resolution was 10 iAm, i.e., measurements are - t5
am. Another pinhole caer, behind and 20 from the target normal, recorded the self-emission of

tMe sclrated foil md voried alignment of the bm

Q Pyrometric blackbody brightness measureients" of the rear of the targets gave temperatures of
oa 4.5 * 1. OV, readles of tmot structure (unperturbed or x - 8, 25, or 50 jam) on nonbacklisht-
lg shots, as wel as on two backlighting shots. Thus, the backlishter did not appreciably heat the
drive fol. Rew pinhole images and loser focal disgnostics showed circular fringes in the incident
beam and also a porn of 40-50 i&m bands parallel to the bars in perturbed targets. The effects of this
loe nonuniformity are obervable in the original x radiograph of an accelerated unperturbed target as a
gfntle modulation in the aocelerated target (Fig. 2b).
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Psetms ~g were accelerated uadr the same illumination cond~tions. For theme targets, the
bum Oldsm - 9.7 aiU, LeO., aibout A"v ablation depths.' 2 The bar thickness was systematically

= * it27 m s all ld &- 0Mjs. A modulation of 50pm periodicity isobserved in the x
4f ean awduIate- Iell with 0.5 Stm thick bars (Fig. 20), for an impressed thickess ratio of

ss-(W. + 05)/9.7). Dasherm reion Correspond to higher x-ray absorption and higher areal mass
'P anr - lammed thinsass raiof 01.15 the striations of higher and lower density regions are

'Ore Aueiod (ftg 2d). The mean tagt displaceomt was about 140 gim, with dense material
eqa~~ssu os fahr as 200 p~m. Large displacements (accelerations) off the axis of the focus

4- kmo an mUsswr region 01 lammsed incident iradiance.

be a lingap I0o this annular region at the Ustilester thicknes ratio of 1.3, the tips of the
411111 -ro Iarus becom Proncsd and are seen to extend from the accelerated region of the foil
ppr, back town do lser. h~ Fig. 3, we compare the. experimental radiograph (Fig 3a) with
nummical simulation results. Note especially the idt11Ifications of the spike and bubble regions. The
v.*d. 01 ao dwe s s Protrusions back toward the lawe (downward in Fig. 3) is characteristic of
spilm is the alelgh-Tayler instability. In Fig. 3a, a bridge, at lest 3 times thinne than the 80 pim
*S s axil eatnt of the accelerated unperturbed target appears to connect neighboring spikes. The
Wls etend abouit 60 aim *5 aim to the front (toward laser) of this bridge. Smaller projecions of
mms are al sobarved to the rer of each spike. Photmilc measurements of x-ray intensities' in
t1h bus 01 ofhe spike tip and the intervening bubble regions were made with calibrated photographic
emile. I I -emisalen of the fell was aeglgble. Converting these measurements to average mass
thicknesses a in Reft 10 ylelds densities at leas 0.10 of solid in the spikes, assuming an x-ray path
length equal to the bar legh. Bubble densities are smaller than spike densities by factors of 2.54.

.c1em1t 1gaf(a the Ireame ai the x-ra path of the target matei at the rim of the focal spot, would
inemw this fuss, The Overall adia extnt ifro tip to rear of the targt shadow, is about 105 aim,
which, is p Ise -~ thet dompertube tAW (90 pim * S gm). These modulatons in mass density, and
the Wom s 0 the bWV ruglos. indicate that mun redistribution has taken place leaving bubble
veug ok icisut in am The prq*ete radiographic imag of the spike tips also appears to exhibit
adommad bess, broadening, indicative of the nonlinea stagle of the IT instai. 15 These highly

deveooed features are compared below wit numerical simukaton.

The evolution of a perturbed targt under condition. smilar to those of the experiment was
jjgj ofti th 5~f2W14 laser-dbeD simulation code. for the numerical run shown in Fig. 3c,

th d laia SWte mm was structured the sowe as tie experimental target of Fig. 3a, while the incident
bhowiteniy W"s & X 1012 WI..2 in a th. -. S ns FWIW pulse. The average fNal target velocity
Ws Mi x 106 co/a and the total disance pushed (measured in the bridge connecting the spikes atrd

S Wo was 130 aim. irw surfac temperatures were 4.6 eV at rd,. The aowe unstable mode,
0 SOt am 2tr/&, fllows an Initial phas of amplitude decay while the Blow patterns evolve into an

eode, than grow exponsatially by mas redistribution until MA ft Iafter which the amplitude A
01 the peWba lgrw at the slower ffrefall rat,' 4 AA - 1/2g(At)2, with g - 1.S6#im/ns2 .

Mhe exposehl powt rate was measured numerically to be 7 x 10! 9-1, which is about 1.5 times
mAst d- the est classical value, In good agreement with the linear growth rates of long

wavssingth sinusoidal perturbation. for Consant lase intensity.' 4 There were 3 e-foldings of expome-
del growth abo" the minimum amplitude. The spike-bubble amplitude (on the 30% density contour) at
1** is 65 im (Fig. 30), which compare favorably with experimental observation (60 laim * Saim).

An experimental growth factor of 22 - (60 aim/2.7 aim), over agrowth time of no more than
rd" + im,, implies; an exponential growth rate grester than yja. = kr(22) + 10 ns - 3 x 10 s 1'.
Acconting 1 for iiia or free-fall phases of evolution would give larger growth rates. Final amplitude
may be co mparemd to a simple model in which exponential growth proceeds at the linear classical rate,
and in which the initial phase, the free-fall rate, and the amplitude of transition to free-fall, are as
simulated numerciy. the calculated final amplitude is prester than that observed by a factor of 1.5.
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The noliner Kelvin-Helmholtz-iie spike-tip broadening4' 5I is clearly evident in Fig. 3c. The
voralY generated by the non-coilinear nature of the density and pressure profiles collects behind the
heaks of the spike causing the spike tip. to widen. This effect becomes appreciable when the amipl-
tude of the perturfbation 1s about half the wavelength Of the perturbation."4 The 20% density Contour at
the rear of the target Figs. 3b and 3c, delineates rearside mass projections simiar to those found exper-
imentally. These projetions in the simulation are due to the collision of mans flowing from adjant
bubble regions into an intermediate spike, resulting not only in spike growth but also in a rearward jet-
ting.4

Several mechanims other than RT were considered: differences in acceleration for thicker and
thmrPortions Of bar targets; prential thermal broadening of the spike tips; and various geometric

iwneclmasuc we- viewing parallax, ec. From the combination of the observed structures and simu-
lation results on temperature contours, the most likely explanation for the structures in the radiographs

-esnsb - ne" -ntblt.

In smmary, several basic features of the advanced development of the RT hydrodynamic inst-
bility have been identified, in the numerical results and compared with experimental observations. The
observations are consistent with mass redistribution into a high density spike and a mass-deficient bub-
ble, with broadening of the spike tips. Moreover, rearside projections were observed experimentally
and interpretedl with the numeurical simulation results. Mass redistribution processes such as those
observed could significantly affect inertial fusion pellet performance. Extensive further experimental
work is needed to relate these hydodnamic phenomena to laser fusion reactor scenarios.

The author acknowledge helpful discussions with &.H. Ripin, S.E. Bodner, D.B. Brown, J.H.
Gmarder, L. Orun, and D.J. Nagel. We ae further appreciative of the expert technical efforts of J.
Doss D. Chieville, W. Griffith, LIR. Hudson, K. Kearnecy, W. Naffey, D. Newman, N. Nocerino, M.
Roert and L. Turbyfll. This research was supported by the U.S. Department of Energy.
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